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IL 25265 19691231 IL 19660228 <-- 

AB 7a-Bromo-6-oxoestradiol 17-monoacetate was converted into 

3-methoxy-17-acetoxy-7a-bromo-6-oxoestrane, (I) , m. 180-4°, 

with CH2N2. I (0.7 g) in 12 ml AcNMe2 containing 0.8 g CaC03 was heated until 

2 ml distilled and refluxed 90 min to give 3-methoxy-6-hydroxy-17p- 

acetoxy-1, 3 , 5 (10) , 6, 8-estrapentaene, which was converted into 

3 , 6-dimethoxy-17p-acetoxy-l , 3,5(10) ,6, 8-estrapentaene (II ) , m. 

174-6° , with CH2N2. II was converted into 3 , 6-dimethoxy-17P- 

hydroxy-1,3,5 (10) ,6, 8-estrapentaene, m. 148-9°, with MeOH-KOH, 

which, by treatment with (EtCO) 20-C5H5N, gave 3 , 6-dimethoxy-17P- 

propionoxy-1 , 3,5(105,6, 8-estrapentaene, m. 147-8° , and 

3,6-dimethoxy-l,3,5(10) , 6 , 8 -estrapentaen- 17 -one (III) , m. 198-200°, 

with chromic acid or Oppenauer oxidation II was also synthesized from 

6-oxoestradiol diacetate and chloranil. 6-Methoxy-17P-hydroxy- 

5 (10) , 6, 8-estratrien-3-one, m. 161-2°, was synthesized from II with 

Na-HCl and reduced to 6-methoxy-3 , 17p-dihydroxy-5 ( 10) , -6 , 8- 

estratriene, m. 2 00° . 3 , 6-Dimethoxy-17p-acetyl -1 , 3 , 5 (10) ,-6,8- 

estrapentaene (IV) was prepared from III. From IV and KOBu-tert-C2H2 was 

prepared 3, 6-dimethoxy-17a-ethynyl -17P -hydroxy- 1 , 3 , 5 (10) ,6,8- 

estrapentaene, m. 17 5-8°. With IV and KOBu-tert-CH2N2-Me2CO was 

prepared V. 
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IN Estra-l,3,5,7,9-pentaen-17p-ol, 3 , 6-dimethoxy- , propionate (8CI) 

MF C23 H28 04 

Absolute stereochemistry. 



MeO' 




OMe 



**PR0PERTY DATA AVAILABLE IN THE 1 PROP ' FORMAT** 

HOW MANY MORE ANSWERS DO YOU WISH TO SCAN? (1) : 16 

L3 17 ANSWERS REGISTRY COPYRIGHT 2005 ACS on STN 

IN Estra-5, 7, 9-trien-3-one, 1 70 -hydroxy- 6 -methoxy- (7CI, 8CI) 

MF C19 H24 03 

Absolute stereochemistry. 




OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Anorthoclase ( (Si3Al) (NaO . 6-0 . 9K0 . 1-0 . 4) 08) (9CI) 

MF Al . K . Na . 05 Si2 . 0 

CI MNS, TIS 



Component ( 



05Si2 

O 

Na 

K 

Al 



Ratio 



1.5 

0.5 
0.6 - 0.9 
0.1 - 0.4 
1 
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IN Estra-l,3,5,7,9-pentaen-170-ol, 3 , 6-dimethoxy- , acetate (8CI) 

MF C22 H26 04 

Absolute stereochemistry. 



MeO' 




OMe 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Estra-l,3,5,7,9-pentaen-17-one, 3 , 6-dimethoxy- (8CI, 9CI) 

MF C20 H22 03 

Absolute stereochemistry. 




MeO v y 

OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN 19-Nor-17a-pregna-l ,3,5,7, 9-pentaen-20-yn-17-ol , 3 , 6-dimethoxy- , 

acetate (8CI) 
MF C24 H26 04 



Absolute stereochemistry. 




**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Estra-2,5,7,9-tetraen-17p-ol, 3 , 6-dimethoxy- (7CI, 8CI) 

MF C2 0 H26 03 



Absolute stereochemistry. 




OMe 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Phosphoric acid, monopotassium salt (8CI, 9CI) 

MF H3 04 P . K 

CI COM 



HO-f^OH 
OH 

• K 

** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Estra-l,3,5{10) -trien-6-one, 17- (acetyloxy) -7-bromo-3 -methoxy- , 

(7a,17p)- (9CI) 
MF C21 H25 Br 04 



Absolute stereochemistry. 



OAc 



MeO' 




0- 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Microcline (K(AlSi308)) (9CI) 
MF Al 08 Si3 . K 
CI CCS , MNS, MAN 

*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 
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IN 19-Nor-17a-pregna-l , 3,5,7, 9-pentaen-20-yn-17-ol , 3 , 6-dimethoxy- 

(8CI) 
MF C22 H24 03 

Absolute stereochemistry. 



**PROPERTY DATA AVAILABLE IN THE 1 PROP ' FORMAT** 



L3 17 ANSWERS REGISTRY COPYRIGHT 2005 ACS on STN 

IN 19-Nor-17a-pregna-l , 3,5,7, 9-pentaen-20-one, 17-hydroxy-3 , 6-dimethoxy- 

, acetate (8CI) 
MF C24 H28 05 



OH 



MeO' 




OMe 



Absolute stereochemistry. 



Ac 




OMe 



** PROPERTY DATA AVAILABLE IN THE ' PROP ' FORMAT** 
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IN Estra-1 , 3,5,7, 9-pentaen-17-one, 16-isopropylidene-3 , 6-dimethoxy- (8 CI ) 
MF C23 H2 6 03 

Absolute stereochemistry. 




OMe 



**PROPERTY DATA AVAILABLE IN THE ' PROP ' FORMAT** 
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IN Estra-5,7,9-triene-3,17p-diol, 6-methoxy- (7CI, 8CI) 

MF CI 9 H26 03 

Absolute stereochemistry. 



OH 




OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Albite ( (Si2.9-3All-l.l) (NaO . 9-lCaO-O . 1) 08) (9CI) 

MF Al . Ca . Na . 05 Si2 . 0 

CI MNS, TIS 



Component | 



Ratio 



05Si2 

0 

Ca 

Na 

Al 



1.45 - 1.5 

0 - 0.5 

0 - 0.1 
0.9 - 1 

1 - 1.1 



L3 17 ANSWERS REGISTRY COPYRIGHT 2005 ACS on STN 

IN Estra-l,3,5,7,9-pentaen-17-ol, 3 , 6-dimethoxy- , (170)- (9CI) 

MF C2 0 H24 03 

Absolute stereochemistry. 



MeO' 




OMe 



**PROPERTY DATA AVAILABLE IN THE 'PROP* FORMAT** 
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IN 19-Norpregna-l , 3,5,7, 9-pentaen-20-one, 3 , 6-dimethoxy- (8CI) 

MF C22 H26 03 

Absolute stereochemistry. 



MeO' 




OMe 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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The hydroxylation and amidation of equilenin acetate catalyzed by 
chloro[5,10,15,20-tetrakis(pentafluorophenyl)porphyrinato]manganese(m) 




Minor product 



Scheme 1 
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The aromatic steroid equilenin acetate undergoes regiose- 
lective and stereoselective hydroxylation and amidation 
catalyzed by a manganese porphyrin using iodosobenzene 
(PhIO) and AT-tosyliminophenyliodinane (PhlNTs) as the 
oxygen and nitrogen donor, respectively. 

It is important to develop chemical methods for the re- 
giospecific oxidation of natural products such as steroids to 
replace microbial fermentations that are currently used. 1 
Biochemically, such oxidations are normally performed by the 
heme-containing cytochrome P-450 class of enzymes, and 
metalloporphyrins have been studied as models for these 
enzymes. 2 We have recently reported the regiospecific catalytic 
hydroxylation of steroids, using a water soluble porphyrin 
carrying hydrophobic binding units, that performs efficient and 
specific oxidations directed by the well defined geometry 
between the catalyst and substrates. 3 " 5 Herein, we report that 
the aromatic steroid equilenin acetate 1 can be hydroxy lated and 
amidated at very specific positions with good catalytic turnover 
by iodosobenzene (Phl=0) and N-tosylinrinophenyliodinane 
(PhI = NTs), 6 catalyzed by chloro[5,10,15,20-tetrakis(penta- 
fluorophenyl)porphyrinato]manganese (m) 2. 

The metalloporphyrin-catalyzed oxidation of substituted 
arenes with several oxidants has been studied by the groups of 
Baciocchi 7 and Meunier. 8 Both groups found that quinones 
were the dominant products produced from these reactions, 
especially- in the case of substituted naphthalenes. However, 
when we treated a 54 mM solution of equilenin acetate 1 with 
270 mM PhIO in the presence of 54 mM chloro[5, 10, 15,20- 
tetrakis(pentafluorophenyl)porphyrinato] manganese(m) 2, no 
quinones were produced after 12 h. Instead, the major product 
isolated was the 6-hydroxylated product 3, along with a smaller 
amount of the llp-OH product 4 (Scheme 1). No starting 
material was recovered. Analytical HPLC studies using a 
catalyst: substrate:oxidant mole ratio of 1:50:250 (CH2CI2, 
23 °C, 12 h) resulted in a 57% conversion of 1 to 42% of 3 and 
15% of 4, indicating ca. 25 catalytic turnovers (Scheme l).t 

The products were characterized by MS and NMR spectra. 
Compound 3 had a 1 H NMR spectrum with one less aromatic 
proton than the starting material. COSY spectroscopy con- 
firmed coupling between the 1, 2, and 4 protons as well as the 
allylic coupling between the 7 and 14 protons, indicating that 
hydroxylation occurred at C-6. 

Compound 4 lacked the original C-ll benzylic methylene 
group signal at 3.3-3 .4 ppm, and had a new peak at 5.77 ppm as 
expected for a downshifted C-ll. The C-ll proton showed 
coupling to a methylene group with no other neighbors (C-12), 
and also showed NOE coupling to the C-l proton. This coupling 
indicates that the H on C-l l is equatorial, so the OH is on the p 
face. This 1 1-0 OH assignment is also consistent with an upfield 
shift of the angular methyl group from 0.80 ppm in 1 to 0.72 
ppm in 4. The remaining C- 1 4, C- 1 5, C- 1 6 coupled protons and 
the aromatic protons were still present. 

We first reported the metalloporphyrin catalyzed amidation 
of organic compounds in 1982. 9 Most recently, Che and 
coworkers reported the asymmetric amidation of substituted 
naphthalenes using chiral ruthenium and manganese porphyr- 
ins. 10 We find that such an amidation can also be performed on 

the equilenin steroid substrate 1 with good selectivity. A 60 mM Scheme 2 



solution of 1 was stirred for 1 2 h under argon in I ml of distilled 
CH2CI2 containing metalloporphyrin 2 (60 mM), PhI=NTs (300 
mM) and molecular sieves to produce the ll(5-amidation 
product 5 and trace amounts of 3 and 4, with complete 
conversion of starting material (Scheme 2).t In contrast to 
hydroxylation, the amidation reaction went completely to the 
1 lp position of the steroid without any detectable amidation at 
the 6 position. A mole ratio of 1 : 50: 250 catalyst: substrate: 
Phl=NTs afforded an 82% conversion of 1 to 30% 3, 5% 4 and 
47% 5, as determined by HPLC assay, so there are ca. 40 
turnovers. 

Compound 5 had the expected MS, and again a downfield 
shifted C-ll proton at 5.43 ppm was coupled to the C-12 
methylene and showed NOE coupling to the C-l proton. Thus 
the tosylamide group is attached at the 11 -|3 position. The 



Mn(TFPPja 
Pht=NTs 
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angular methyl group shifts strongly upfield from 0.80 ppm in 
1 to 0.55 ppm in 5. 

The hydroxylation products 3 and 4 reflect hydrolysis of the 
Mn=NTs intermediate by traces of water in the small scale 
analytical runs, and they are minimally present in larger 
preparative scales. In previous work, we had found that the 
enzyme cytochrome P-450 could aminate cyclohexane with 
Phl=NTs, but that some hydroxylation also occurred in the 
water solution. n Since the relative amount of hydroxylation 
depended on the particular isoform of the enzyme used, 
hydrolysis of the metalloporphyrin intermediate was the most 
likely explanation. The finding that benzylic substitution in 
compounds 4 and 5 occurs on the beta face of the steroid must 
reflect the stereoelectronic control of the flat conjugated 
benzylic radical intermediate in these reactions. 

The readily available manganese porphyrin 2 is able to 
catalyze the hydroxylation and amidation of an aromatic 
steroid. These reactions are especially interesting for their 
apparent differences in regiospeciflc oxidations. Although not 
explicitly stated in the literature, metalloporphyrin catalyzed 
oxidations of substituted naphthalene compounds have been 
reported to afford mostly quinones after aromatic ring hydrox- 
ylation in the presence of oxygen donors, whereas they tend to 
produce only amides at previously saturated carbon positions in 
the presence of PhlNTs as the nitrogen donor. 7 -' 0 

Apparently the oxidations involve preferential oxygen atom 
donation to the aromatic ring before hydrogen loss, while the 
tosylamidations involve initial hydrogen removal from a 
benzylic position. Perhaps aromatic ring addition is more 
sterically demanding, and thus more available to a small oxygen 
atom than to a large tosylamide group. We see that this 
difference generally holds true in the case of equilenin acetate 
and provides a method by which steroids of this class can be 
functionalized at different positions. Furthermore, the amida- 
tion of a steroid substrate can lead to the development of a novel 
class of nitrogen containing steroids that may have useful 
biological properties. 

J. Y. acknowledges support from an NCERQA EPA 
Graduate Fellowship and a Bristol-Myers Squibb Graduate 
Fellowship. R. W. acknowledges support from a Goldwater 
Scholarship, a Pfizer Undergraduate Fellowship, a Perkin- 
Elmer Undergraduate Fellowship, and the Columbia University 
Rabi Scholars Program. This work was supported by the NIH 
andNSF. 

Notes and references 

t Equilenin acetate was synthesized by acylation of equilenin (Steraloids, 
Inc.) with acetic anhydride in pyridine using standard procedures. All 
products were isolated by column chromatography and characterized by 1 H- 
NMR, COSY, NOESY and CI-MS. 

3: 'H NMR (CDC1 3 , 500 MHz): $ 7.86 (lH,d, C4-H), 7.82 ( 1H, d, Cl-H), 
7.41 (1H, dd, C2-H), 6.29 (1H, d, C7-H), 3.38 (1H, ddd, C14-H), 2.34 (3H, 
s, acetate Me), 0.76 (3H, s, C18-Me), 2.8-1.9 (8H, steroid envelope). CI- 
MS: m/z = 342 (M + 1 + NH 3 ), 323 (negative, M - 1). Product 3 in its 'H 
NMR spectrum showed one less aromatic proton as compared to the starting 



material. COSY spectroscopy confirmed coupling between the 1, 2 and 4 
protons as well as the allylic coupling between die 7 and 14 protons. All 
remaining aliphatic protons were identified by COSY, also confinning the 
identity of the product as C6-hydroxylated equilenin acetate. 

4: 'H NMR (CDC1 3 , 500 MHz): 8 8.38 (1H, d, Cl-H), 7.83 (1H, d, C6- 
H), 7.60 (1H, d, C4-H), 7.37-7.28 (2H, m, C7-H and C2-H), 5.77 (1H, br m, 
CI la-H), 3.43 (1H, m, C14-H), 2.39 (3H, s, acetate Me), 0.72 (3H, s, C18- 
Me), 2.83-1.91 (6H, steroid envelope). CI-MS: m/z 342 (M + 1 + NH 3 ). 
Product 4 COSY indicated coupling of both CI 5 hydrogens to the easily 
identifiable C14 proton at 3.43 ppm. The CI 5 protons were coupled to the 
C16 protons, indicating that oxidation must have occurred on the CI 1 or 
C12 steroid position. Tne CI 1 protons, originally at 3.3-3.4 ppm in 2, were 
not present in product 4 and a new C//-OH appeared at 5.7 ppm, consistent 
with a benzylic oxidation. The relatively large upfield shift of the angular 
CI 8 methyl is inconsistent with C12 oxidation and is furthermore consistent 
only with oxidation occurring on the beta face of the last rmaining steroid 
carbon position at CI1 (most Cll a hydroxlations occur with large 
downfield shirts of the CI 8 methyl). Lastly, strong NOE coupling between 
the Cl-H and the CI la-H indicated that compound 4 was indeed the 1 lp 
hydroxylated product. 

In the analytical runs, the formation of products relative to starting 
material were monitored with 2-methoxynaphthalene as an internal 
standard, comparing NMR ratios and HPLC responses to calibrate the 
relative absorption coefficients of the products and starting material in the 
UV-VIS HPLC detector. 

5: »H NMR(CDC1 3 , 500 MHz): S 7.81 (1H, d, Cl-H), 7.77 (1H, dd, C6- 
H), 7.72 (2H, d, toluenesulfonamide), 7.52 (1H, d, C4-H), 7.3 1 (1H, dd, C7- 
H), 7.29(2H, d, toluenesulfonamide), 7.09 (1H, dd, C2-H), 5.43 (1H, ddd, 
CI la-H), 4.45 (1H, d, N-H), 3.36 (1H, m, C14-H), 2.45 (3H, s, toluene 
Me), 2.36 (3H, s, acetate Me), 0.55 (3H, s, C 1 8-Me), 2.66- 1 .96 (6H, steroid 
envelope). CI-MS: m/z 495 (M + 1 + NH 3 ). The same COSY pattern was 
present as with product 4. The C14 hydrogen was coupled to both CI 5 
hydrogens, which in turn were coupled to both CI 6 hydrogens indicating 
oxidation at CI 1 or CI 2. Again, there was a large upfield shift of the angular 
CI 8 methyl, and the new CH-NH at 5.43 ppm is consistent with a benzylic 
oxidation. Also, strong NOE coupling between the Cl-H and the CI la-H 
confirmed 5 as the 1 1 p amidated product. 
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=> s sakac?/au and 1999/py and 5/so 
108 SAKAC? /AU 
933928 1999/PY 
2384906 5/SO 
L5 2 SAKAC? /AU AND 1999/PY AND 5/SO 

=> s sakac?/au and 1999/py and 5/so and 96/so 
108 SAKAC? /AU 
933928 1999/PY 
2384906 5/SO 
135594 96/SO 

L6 1 SAKAC?/AU AND 1999/PY AND 5/SO AND 96/SO 

=> d ibib ab 
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Zbornik Matice Srpske za Prirodne Nauke (1999 
) , 96, 5-9 
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CASREACT 133:335378 
A procedure for direct alkylation of the phenolic function of 
estradiol-17p-acetate and 6-hydroxy-3 , 17P-dipropionoxy-17a- 
dihydroequilenin with N-butyl -N-methyl -11-bromoundecanamide has been 
described. In a two-phase CH2C12-H20 system under alkaline conditions, us 
tetrabutyl ammonium bromide as a phase-transfer catalyst two new 
O-alkylamide derivs. [I; R = CH2 (CH2) 9CON (CH3) (CH2) 3CH3] and [II; R = 
CH2 (CH2 ) 9CON (CH3 ) (CH2)3CH3] were obtained. 
REFERENCE COUNT: 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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IN 1-Butanaminium, N,N,N-tributyl-, bromide (9CI) 
MF C16 H36 N . Br 
CI COM 



n-Bu 



n-Bu - N— Bu-n 



n-Bu, 



• Br- 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT* * 
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IN Undecanoic acid, 11-bromo- (6CI, 7CI , 8CI, 9CI) 

MF Cll H21 Br 02 

CI COM 



U0 2 C- (CH 2 )10-Br 



**PROPERTY DATA AVAILABLE IN THE 1 PROP 1 FORMAT** 
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IN Estra-1, 3 ,5,7, 9-pentaene-3 , 6, 17-triol , 3 , 17-dipropanoate, (170) - 

(9CI) 
MF C24 H28 05 

Absolute stereochemistry. 




O 



OH 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Undecanamide, 11- [ [ (170) -3 , 17 -bis ( 1-oxopropoxy) estra-1 , 3 , 5 , 7 , 9- 
pentaen-6-yl] oxy] -N-butyl-N-methyl- (9CI) 



MF 



C40 H59 N 06 



Absolute stereochemistry. 




Q 



Et 




S, 



Q 



H 



Et 




(CH 2 )10 



Bu-n 



Me 



**PR0PERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN 1-Butanamine, N-methyl- (9CI) 

MF C5 H13 N 

CI COM 



n-Bu— NH-Me 



** PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Estra-1, 3,5(10) -triene-3, 17-diol (17p)-, 17-acetate (9CI) 

MF C20 H26 03 

CI COM 

Absolute stereochemistry. 



HO' 




**PROPERTY DATA AVAILABLE IN THE 1 PROP 1 FORMAT** 
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IN Undecanamide, 11-bromo-N-butyl-N-methyl- (9CI) 



MF CI 6 H32 Br N 0 



Me O 



I II 



n-Bu-N-C- (CH2)l0-Br 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Undecanamide , 11- [ t(17p) -17- (acetyloxy) estra-1 , 3 , 5 (10) -trien-3- 

yl]oxy] -N-butyl-N-methyl- (9CI) 
MF C36 H57 N 04 

Absolute stereochemistry. 



**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 
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IN Estra-l,3,5(10) -triene-3,17-diol (17p)- (9CI) 
ADDITIONAL NAMES NOT AVAILABLE IN THIS FORMAT 
MF C18 H24 02 
CI COM 

Absolute stereochemistry. 




0 



HO' 
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ALL ANSWERS HAVE BEEN SCANNED 



